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LAr	Calorimeter	System	
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•  In	Phase	I,	upgrading	L1	trigger	electronics	to	
be	able	to	cope	with	lumi	of	2E34	

•  LAr	HL-LHC	upgrade	plans	are	to:	
•  Replace	LAr	readout	electronics,	both	front-end	(FE)	and	back-end	(BE)	
•  Possibly	modify	the	forward	region,	with	opBons	including	

•  Possible	new	sFCAL	to	replace	FCAL	(or	possible	MiniFCAL	in	front	of	FCAL)	

•  Possible	high-granularity	Bming	detector	(HGTD)	in	front	of	endcap	cryostat	
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LAr	WBS	Structure	and	Ins@tu@ons	
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6.4	Liquid	Argon	WBS	(NSF)	 6.4	Liquid	Argon	WBS	(DOE)	

Deliverable/Item	 Ins@tu@on	 Deliverable/Item	 Ins@tu@on	

					FE	Electronics	 					System	Integra@on	

							6.4.1.1	FE	Electronics	 	Columbia		 							6.4.6.4	System	IntegraBon	 	BNL		

							6.4.2.1	FE	Electronics	 	UT	AusBn		

					PA/Shaper	

					Op@cs	 							6.4.6.5	PA/Shaper	 	BNL		

							6.4.3.2	OpBcs	 	SMU		 							6.4.7.5	PA/Shaper	 	U	Penn		

					BE	Electronics	 					sFCAL	

							6.4.4.3	BE	Electronics	 Stony	Brook	 							6.4.5.6	sFCAL	 	U	Arizona		

							6.4.5.3	BE	Electronics	 	U	Arizona	

					HGTD	

							6.4.7.7			HGTD	 	U	Penn		

							6.4.8.7			HGTD	 	UCSC		

							6.4.9.7			HGTD	 	SLAC		

							6.4.10.7	HGTD	 	U	Iowa		
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•  8	university	groups	and	2	labs	

•  US	deliverables	organized	into	7	BOEs	

!  5	in	baseline	(3	NSF,	2	DOE)	
!  2	in	“Scope	Opportunity”	



Mgmt	Updates	Since	CDR	

•  “Deliverables	Managers”	and	InsBtuBonal	PIs	have	all	been	appointed	

•  In	this	process,	reorganized	WBS	a	bit,	splicng	off	ADC	development	from	FEB2,	
and	combining	with	opBcs	into	“FE	Components”	item	

•  US	ATLAS	HL-LHC	LAr	management	team	and	tasks	are:	

•  WBS	6.4.x.1	FE	Components	 	(Tim	Andeen)	
•  Columbia	(J.	Parsons),	SMU	(J.	Ye),	UT	AusBn	(T.	Andeen)	

•  WBS	6.4.x.2	FEB2	Board 		(John	Parsons)	
•  Columbia	(J.	Parsons)	

•  WBS	6.4.x.3	BE	Electronics 		(Andy	Haas)	
•  Stony	Brook	(J.	Hobbs),	U	Arizona	(K.	Johns)	

•  WBS	6.4.x.4	Syst.	IntegraBon	 		(Marc-Andre	Pleier)	
•  BNL	(H.	Ma)	

•  WBS	6.4.x.5	PA/Shaper 		(Hong	Ma)	
•  BNL	(H.	Ma),	U	Penn	(M.	Newcomer)	

•  System	engineer 	 		(Hucheng	Chen)	

•  Other	documents	(BOEs,	budgets,	etc.)	not	yet	modified	to	reflect	WBS	reorganizaBon	
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HL-LHC	LAr	FE	Electronics		

•  As	in	original	construcBon,	US	groups	
proposing	to	take	lead	responsibility	
for	electronics	in	LAr	FE	readout	path,	
with	deliverables	including:	

!  RadiaBon-tolerant	(65	nm)	ASICs	
o  Preamp/shaper	(BNL,	U	Penn)	

o  40	MHz	ADC	(Columbia)	

o  10	Gbps	Serializer	(SMU)	

o  VCSEL	array	driver	(SMU)	

!  OpBcal	transmijer	(OTx)	(SMU)	

!  Frontend	Board	(FEB2)	(Columbia)	
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FEB2 

•  WBS	items:	6.4.x.1	(FE	Components),	6.4.x.2	(FEB2),	6.4.x.5	(PA/shaper	-	DOE)	

•  Apart	from	complementary	French	effort	on	Preamp/shaper,	no	non-US	groups	
are	currently	working	on	these	tasks	

•  Full	system	of	~170k	channels	requires	1524	FEB2	boards	(128	channels	each)	

•  As	in	original	construcBon,	planning	to	produce	total	of	1627		

6.4.x.5 
6.4.x.1 

6.4.x.2 



•  LPPR	of	HL-LHC	is	natural	“evoluBon”	of	ATCA-based	Phase	I	LDPS,	developed	
by	US	groups	working	with	European	groups	(primarily	LAPP	Annecy)	

•  As	in	Phase	I,	Stony	Brook/UAz	propose	to	develop	LPPR	motherboard	(MB)			
(WBS	6.4.x.3),	both	hardware	and	firmware	(140	MBs	needed	in	total)	

!  Stony	Brook	–	emphasis	on	hardware	

!  U	Arizona	–	emphasis	on	associated	firmware	

HL-LHC	LAr	BE	Electronics		
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System	Integra@on	

•  WBS	6.4.x.4	covers	“System	IntegraBon”	task	at	BNL,	which	is	
part	of	DOE	scope	

•  Work	involved	includes:	
•  Frontend	Crate	System	Test,	performed	to	validate	the	FE	system	

integraBon	and	overall	performance	before	PRRs	of	the	various	FE	
crate	boards	(including	FEB2)	

•  ValidaBon	and	final	analog	tests	
of	50%	of	the	FEB2	boards	

•  IntegraBon	and	combined	system	

test	of	FE	and	BE	electronics	

•  The	equivalent	tests	were		
performed	at	BNL	during	the		
original	ATLAS	construcBon	
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From Mike Tuts’ talk 



NSF	Budget	and	Effort	
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6.4	Liquid	Argon	NSF	Total	Cost	(AYk$)	

FY20	 FY21	 FY22	 FY23	 FY24	 Grand	Total	

NSF	

					Labor	 2,407	 2,582	 2,541	 1,635	 1,347	 10,512	

					M&S	 907	 2,005	 1,991	 1,918	 1,079	 7,900	

					Travel	 57	 37	 49	 25	 26	 195	

					NSF	Total	 3,371	 4,624	 4,581	 3,578	 2,453	 18,607	



DOE	Budget	and	Effort	
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6.4	Liquid	Argon	DOE	Total	Cost	(AYk$)	

FY18	 FY19	 FY20	 FY21	 FY22	 FY23	 FY24	
Grand	
Total	

DOE	
					Labor	 683	 839	 907	 805	 829	 662	 682	 5,408	
					M&S	 160	 160	 210	 140	 140	 50	 50	 910	
					Travel	 25	 35	 35	 35	 35	 15	 15	 195	
					DOE	Total	 868	 1,034	 1,152	 980	 1,004	 727	 747	 6,513	



NSF	Schedule	&	Milestones	
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•  US	schedule	developed	to	be	consistent	with	LAr	milestones	presented	in	
Scoping	Document		

•  Planning	includes	6-12	months	of	schedule	float	



DOE	Schedule	&	Milestones	
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•  US	schedule	developed	to	be	consistent	with	LAr	milestones	
presented	in	Scoping	Document		



External	Dependencies	
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•  Have	worked	to	minimize	potenBal	impact	of	external	delays	
•  FEB2	and	LPPR	MB	producBon	tesBng	and	validaBon/acceptance	procedures	will	be	

clearly	defined	to	minimize	reliance	on	external	deliverables	
•  System	Engineering	plays	important	role,	ensuring	interfaces	are	properly	defined,	etc.	

•  PA/shaper	ASIC	is	essenBal	component	of	producBon	FEB2	boards	
•  Baseline	and	(well-advanced)	backup	developments	are	part	of	DOE	scope,	and	will	be	

Bghtly	coordinated	within	US	ATLAS	
•  There	is	also	complementary	development	effort	in	France	

6.4	 Liquid	Argon	

6.4.x.1	FE	Electronics	 Frontend	
Board	(FEB2)	

PA/shaper	ASIC		
(BNL/UPenn	-	DOE	scope)	

Maintain	Bght	coordinaBon	and	oversight	via	
System	Engineering.	Well-advanced	SiGe	
version	is	a	backup	in	case	of	problems	with	
development	of	baseline	in	65	nm	CMOS.	
Complementary	efforts	underway	in	France.		

6.4.x.2	OpBcs	 Project	self-contained	in	NSF	scope	

6.4.x.3	BE	Electronics	 LPPR	
Motherboard	
(MB)	

Mezzanine	card	(France)	 Clearly	define,	with	help	from	System	
Engineering,	interfaces	between	MB	and	
mezzanines.	Develop	mezzanine-style	test	
cards	that	will	allow	MB	to	be	fully	tested	and	
qualified	even	without	final	mezzanines	being	
available.	



Risks	
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•  Leading	risks,	and	miBgaBon	strategies,	idenBfied	in	BOEs	
•  For	example,	cost	and	schedule	risks	in	custom	ASIC	development,	common	fabricaBon	run,	…	
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Con@ngency	

Budget	ConBngency	
•  Following	rules	adopted	for	assigning	conBngency	at	this	conceptual	design	stage,	

35%	budget	conBngency	assigned	top-down	to	all	LAr	deliverables	

•  A	risk-based	bojom-up	conBngency	analysis	is	being	developed	

Scope	ConBngency	
!  Provide	less	firmware	effort	for	BE	MBs		(up	to	~	$1M)	

o  Decision	up	to	FY22;	would	provide	only	minimal	firmware	to	allow	tesBng	
and	validaBon	of	producBon	MBs	

!  Cover	M&S	for	<	67%	of	FEB2	boards/OTx	modules/BE	MBs	(up	to	$1M)	

o  Decision	by	FY20;	would	need	to	renegoBate	(at	level	of	overall	ATLAS)	final	
cost	sharing	

Scope	Opportunity	
!  Cover	M&S	for	>	67%	of	FEB2	boards/OTx	modules/BE	MBs	(up	to	~	$2.4M)	
!  HGTD	contribuBon	(up	to	~	$5.3M)	
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Summary	and	Next	Steps	

•  Srini	will	discuss	the	next	steps	in	the	planning,	and	the	generaBon	of	a	
task	list	for	each	deliverable,	as	we	move	toward	the	resource-loaded	
schedule	that	will	be	needed	for	CD1,	CDR,	…	

•  I	have	uploaded	to	Indico	the	BOEs	and	spreadsheet	as	they	were	at	the	
Bme	of	the	CDR	
•  This	reflects	the	status	of	the	planning	~2	months	ago,	so	you	should	start	by	

going	over	your	BOE	and	the	corresponding	spreadsheet	numbers,	and	contact	
me	(and	your	insBtuBonal	PIs)	with	quesBons	

•  The	very	urgent	task	is	to	start	dividing	the	work	into	a	sequence	of	tasks	(see	
more	from	Srini’s	talk)	

•  We	will	meet	again	next	Monday	to	discuss	the	status,	review	any	quesBons,	
etc.	
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Backup	Slides	
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LAr	Electronics	Radia@on	Tolerance	
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LAr	Electronics	CORE	Costs	
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LAr	Electronics	Schedule	(from	SD)	
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NSF	Cost	and	Effort	(by	Deliverable)	
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6.4	Liquid	Argon	NSF	Total	FTEs	by	Deliverable		

Deliverable/Item	 FY20	 FY21	 FY22	 FY23	 FY24	 Grand	Total	
					FE	Electronics	 	6.60		 	6.95		 	7.85		 	7.00		 	6.50		 	34.90		
							6.4.1.1	FE	Electronics	 	5.60		 	5.95		 	6.85		 	6.00		 	5.50		 	29.90		
							6.4.2.1	FE	Electronics	 	1.00		 	1.00		 	1.00		 	1.00		 	1.00		 	5.00		

					Op@cs	
							6.4.3.2	OpBcs	 	5.25		 	7.00		 	6.95		 	1.00		 	-				 	20.20		

					BE	Electronics	 	4.39		 	4.47		 	4.17		 	2.89		 	2.14		 	18.06		
							6.4.4.3	BE	Electronics	 	3.10		 	3.10		 	2.80		 	1.60		 	1.30		 	11.90		
							6.4.5.3	BE	Electronics	 	1.29		 	1.37		 	1.37		 	1.29		 	0.84		 	6.16		

					NSF	Grand	Total	 	16.24		 	18.42		 	18.97		 	10.89		 	8.64		 	73.16		

6.4	Liquid	Argon	Total	NSF	Cost	by	Deliverable	(AYk$)	

Deliverable/Item	 FY20	 FY21	 FY22	 FY23	 FY24	 Total	
					FE	Electronics	 1,451	 2,595	 2,758	 2,232	 1,378	 10,414	
							6.4.1.1	FE	Electronics	 1,333	 2,474	 2,634	 2,117	 1,260	 9,818	
							6.4.2.1	FE	Electronics	 119	 121	 123	 115	 118	 596	

					Op@cs	
							6.4.3.2	OpBcs	 991	 1,115	 1,116	 173	 0	 3,396	

					BE	Electronics	 929	 914	 708	 1,172	 1,075	 4,798	
							6.4.4.3	BE	Electronics	 765	 686	 504	 995	 948	 3,898	
							6.4.5.3	BE	Electronics	 164	 228	 204	 177	 126	 900	

					NSF	Grand	Total	 3,371	 4,624	 4,581	 3,578	 2,453	 18,607	



DOE	Cost	and	Effort	(by	Deliverable)	
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6.4	Liquid	Argon	Total	DOE	Cost	by	Deliverable	(AYk$)	

Deliverable/Item	 FY18	 FY19	 FY20	 FY21	 FY22	 FY23	 FY24	 Total	
					System	Integra@on	 248	 448	 464	 475	 488	 727	 747	 3,596	
		6.4.6.4	System	IntegraBon	 248	 448	 464	 475	 488	 727	 747	 3,596	

					PA/Shaper	 621	 586	 688	 505	 516	 0	 0	 2,916	
							6.4.6.5	PA/Shaper	 439	 452	 515	 417	 426	 0	 0	 2,249	
							6.4.7.5	PA/Shaper	 182	 135	 173	 88	 90	 0	 0	 667	

					DOE	Grand	Total	 868	 1,034	 1,152	 980	 1,004	 727	 747	 6,513	

6.4	Liquid	Argon	Total	DOE	FTEs	by	Deliverable		

Deliverable/Item	 FY18	 FY19	 FY20	 FY21	 FY22	 FY23	 FY24	
Grand	
Total	

					System	Integra@on	 	1.00		 	2.00		 	2.00		 	2.00		 	2.00		 	3.00		 	3.00		 	15.00		
		6.4.6.4	System	IntegraBon	 	1.00		 	2.00		 	2.00		 	2.00		 	2.00		 	3.00		 	3.00		 	15.00		

					PA/Shaper	 	2.73		 	2.43		 	2.80		 	2.00		 	2.00		 	-				 	-				 	11.96		
							6.4.6.5	PA/Shaper	 	1.50		 	1.50		 	1.50		 	1.50		 	1.50		 	-				 	-				 	7.50		
							6.4.7.5	PA/Shaper	 	1.23		 	0.93		 	1.30		 	0.50		 	0.50		 	-				 	-				 	4.46		

					DOE	Grand	Total	 	3.73		 	4.43		 	4.80		 	4.00		 	4.00		 	3.00		 	3.00		 	26.96		



Table	from	GAO	Guide	
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From Mike Tuts’ talk 



John	Parsons	 1st	LAr	Weekly	Mtg,	May	9,	2016,	NSF	 25	

From Mike Tuts’ talk 
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From Mike Tuts’ talk 



Communica@on	with	Interna@onal	ATLAS	
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